REMARKS 

The Office Action mailed September 10, 2007 has been carefully reviewed and the 
following remarks have been made in consequence thereof. 

Claims 1-11 that were pending in this application have been canceled and new claims 12- 
14 have been added. No new matter has been added. 

The specification and abstract have been carefully reviewed and revised to make radical 
and idiomatic improvements in order to aid the Examiner in further considerations of the 
application. A substitute specification and abstract, including the revisions, have been prepared 
and are submitted herewith. No new matter has been added. Also submitted herewith are 
marked-up copies of the substitute specification and abstract indicating the changes incorporated 
therein. 

The Examiner has rejected claims 1-3 and 6 under 35 U.S.C. § 102(b) as being 
anticipated by Wright (U.S. Patent No. 6,405,057) (hereinafter referred to as "Wright"). The 
Examiner has also rejected claims 4, 5 and 7-1 1 under 35 U.S.C. § 103(a) as being unpatentable 
over Wright in view of Dolman et al. (U.S. Patent Application No. 2002/0109550) (hereinafter 
referred to as "Dolman"). Claims 1-1 1 have been canceled, thus, these rejections of claims 1-11 
have been rendered moot. Accordingly, the Applicants respectfully request withdrawal of the 35 
U.S.C. § 102(b) and 103(a) rejections. 

New claims 12-14 are directed towards subject matter described in the fourth 
embodiment of the invention. Specifically, this subject matter is described in paragraphs 44-57 
and 142-162 of the substitute specification, and generally involves relating warm-up processing 
for an amplifying unit to a difference in temperature that corresponds to a detected signal level. 

The above-mentioned rejections are submitted to be inapplicable to new claim 12 for the 
following reasons. 

Claim 12 is patentable over Wright because it requires a transmission amplifier including, 
in part, signal level detecting means, temperature detecting means for detecting a first 
temperature at a thermally coupled first position with an amplifying unit and for detecting a 
second temperature at a second position that is less thermally coupled with the amplifying unit 
than the first position, and an amplifying warm-up-processing control device configured to stop 
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warm-up-processing for the amplifying unit, when, in performing the warm-up processing for the 
amplifying unit, a difference between the first temperature and the second temperature detected 
by the temperature detecting means is equal to or larger than a threshold value corresponding to a 
signal level detected by the signal level detecting means. 

Wright discloses a method and apparatus that reduces or eliminates the time required for 
raising the internal temperature of components in a base transceiver station (BTS) without 
incurring substantial costs. Specifically, Wright discloses a power amplifier 300 including a base 
320 of a power transistor 310 that has a switch 330 coupled thereto. The switch 330 receives 
control signals 340 for controlling the position of the switch 330. The switch 330 under control 
of the control signals 340 selects one of two bias positions. A first bias position includes an RF 
bias circuit 350 for providing normal RF bias to the power transistor 3 10. A second bias position 
includes a cold start bias circuit 360 for providing a cold start bias to the power transistor 310. 
Under cold start conditions, the power transistor 3 10 is run in a class A mode to generate 
additional heat for raising the internal temperature of the other transceiver components. The 
control signal 340 is provided by a temperature monitoring device 370. 

A cold start method starts by measuring the temperature of the ambient air or the 
temperature of the other components. The measured temperature is compared to a minimum 
reference temperature 420. When the measured temperature falls below the minimum reference 
temperature, the control signal activates the switch 440 so the power transistor is biased to 
generate heat for raising the internal temperature of the BTS. When the measured ambient 
temperature is not below the minimum reference temperature, the measured temperature is 
compared to a maximum reference temperature 460. When the measured temperatures raises 
above the maximum reference temperature 470, the control signal deactivates the switch 480 so 
that the temperature does not raise any higher. 

In contrast to the present invention, Wright does not disclose modifying the power 
amplifier 300 to include signal level detecting means, and temperature detecting means for 
detecting a first temperature at a thermally coupled first position with an amplifying unit and for 
detecting a second temperature at a second position that is less thermally coupled with the 
amplifying unit than in the first position. Moreover, Wright does not disclose modifying the 
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power amplifier 300 to determine a difference between a first temperature and a second 
temperature, wherein the difference is equal to or larger than a threshold value corresponding to a 
signal level detected by the signal level detecting means. Instead, Wright discloses the 
monitoring device 370 generating a control signal 340 which is provided to the switch 330. 
When the measured temperature is less than a minimum reference temperature 420, switch 330 is 
activated to raise the internal temperature of the other transceiver components. When the 
measured temperature is greater than or equal to the minimum reference temperature 420, the 
measured temperature is then compared to a maximum reference temperature 460 and if the 
measured temperature is greater than the maximum reference temperature 460, switch 330 is 
deactivated. Moreover, there is no suggestion or disclosure in Wright to modify any of the 
components comprising the power amplifier 300 such that a difference detected between a first 
and second temperature corresponds to a signal level detected by a signal level detecting device. 

In other words, Wright does not disclose signal level detecting means for detecting a level 
of the signal and temperature detecting means for detecting a first temperature at a thermally 
coupled first position with an amplifying unit and for detecting a second temperature at a second 
position that is less thermally coupled with the amplifying unit than the first position. Moreover, 
Wright does not disclose an amplifying-unit-warm-up-processing control device configured to 
stop warm-up processing for the amplifying unit, when, in performing the warm-up processing 
for the amplifying unit, a difference between the first temperature and the second temperature 
detected by the temperature detecting means is equal to or larger than a threshold value 
corresponding to a signal level detected by the signal level detecting means. 

For at least the reasons above, it is believed clear that Wright fails to disclose or suggest 
the present invention as recited in claim 12. 

Regarding the combination of Wright and Dolman, Dolman is relied upon in the rejection 
as teaching the use of plural amplifying elements. Specifically, Dolman discloses a 
microprocessor control system to accurately regulate the operating point of the various 
amplifying elements in a high-frequency power amplifier. A routine is provided which can also 
act as a gain compensation algorithm, which can be used to drive EEPRON coefficients and how 
they should be interpreted by a microcontroller. An object of the routine is to separate 
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temperature out from back off (output power) and frequency response as an orthogonal variable. 
The microcontroller is employed to set a variable voltage attenuator to maintain the overall gain. 
The microcontroller sets the variable voltage attenuator based upon a look-up table which is 
calculated and loaded during production tests. 

Notably, Dolman does not disclose a transmission amplifier including signal level 
detecting means for detecting a level of the signal, and temperature detecting means for detecting 
a first temperature at a thermally coupled first position with an amplifying unit and for detecting 
a second temperature at a second position that is less thermally coupled with the amplifying unit 
than the first position. Moreover. Dolman does not disclose determining a difference between a 
first temperature and a second temperature that is equal to or larger than a threshold value 
corresponding to a signal level detected by the signal level detecting means . Instead, Dolman 
discloses a routine that separates temperature out from back off (output power) and frequency 
response as an orthogonal variable. Thus, it is clear that Dolman also fails to disclose or suggest 
the above-discussed features of the transmission amplifier recited in claim 12. As a result, claim 
12, and claims 13-14 depending therefrom are patentable over the combination of Wright and 
Dolman. 

Because of the above-mentioned distinctions, it is clear that claims 12-14 are patentable 
over the references relied upon in the rejection. Furthermore, it is submitted that the distinctions 
are such that a person having ordinary skill in the art at the time of invention would not have 
been motivated to make any combination of the references of record in such a manner as to result 
in, or otherwise render obvious, the present invention as recited in claims 12-14. Therefore, it is 
respectively submitted that claims 12-14 are clearly allowable over the prior art of record. 

In view of the foregoing amendments and remarks, all of the claims now active in this 
application are believed to be in condition for allowance. Reconsideration and favorable action 
are respectively solicited. 
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Should the Examiner believe that there are any remaining issues that must be resolved 
before this application can be passed to issue, it is respectfully requested that the Examiner 
contact the undersigned by telephone in order to resolve such issues. 



KM/NEP/lq 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
December 7, 2007 



Respectfully submitted, 



Junichiro YAMAKAWA et al. 




Kevin McDermott 
Registration No. 48,1 13 
Attorney for Applicants 
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ESCRIPTION TRANSMISSION AMPLIFIER 



Transmission amplifier 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is the National Stage of International 
Application No, PCT/JP2004/003962, filed March 23, 2004. 

Technical Ficld l. Field of the Invention 

[0002] The present invention relates to a transmission amplifier 
that amplifies a signal to be transmitted, and in particular to 
a transmission amplifier that warms an amplifying unit efficiently 
when temperature is low. 



Background Art 2 . Description of Related Art 

[0003] For example, amplifiers are used for amplifying a signal 
in the field of communication and the like. 

[0004] As an example, in a transmission amplifier used in a 
transmission unit of an outdoor base station apparatus, a signal 
to be transmitted to a mobile station apparatus, which becomes 
a communication partner, is amplified. 

[0005] In such an outdoor base station apparatus, in particular, 
in cold regions, for the purpose of stabilization of an operation 
of the transmission amplifier at the time of low temperature, for 
example, a heater is attached to the base station apparatus to 
cope with the low temperature. 

[0006] As an example, a temperature range in which normal 
performance of the transmission amplifier is guaranteed (a 
performance guaranteed temperature range) is -10°C to +50°C. When 
temperature is low compared with the performance guaranteed 
temperature range, in particular, in the case of cold regions, 
it is difficult to satisfy specifications. For example, as lowest 
temperature in cold regions, it is necessary to take into account 
temperature as low as about -30°C, which is likely to cause 
malfunction . 



[0007] For example, in a feed-forward control amplifier used in 
a mobile radio system, in general, it is necessary to warm up the 
apparatus in order to avoid a fall in a gain of an output level 
with respect to an input level . In recent years, amethod of reducing 
time required for the warm-up has been examined because of a demand 
for a reduction in build-up time. 

Examples of conventional techniques are described below. 
[0008] Conventionally, in a battery-driven portable electronic 
device, a power supply of a heater is subjected to ON/OFF control 
on the basis of temperature information obtained by a temperature 
sensor to warm a liquid crystal display element with the heater 
and make liquid crystal display possible (see, for example, a patent 
document 1 JP-A-10-253947 ) . 

[0009] In addition, conventionally, in a distortion compensating 
amplifier, in switching plural compensation value tables according 
to temperature of an amplifying unit to execute distortion 
compensation for the amplifying unit, the number of compensation 
value tables to be prepared is reduced to realize a reduction in 
size of the amplifier by adjusting temperature of the amplifying 
unit to temperature corresponding to the compensation tables on 
the basis of measured temperature of the amplifying unit (see, 
for example, a patent document 2 JP-A-10-32024 6 ) . As means for 
adjusting temperature of the amplifying unit, a Peltier element, 
a cooling fan, or a heater is used (see, for example, the patent 
document 2 JP-A-32024 6 ) . 

Patent document 1 

JP A 10 253917 

Patent document 2 

JP A 2001 320216 

[0010] However, in the conventional transmission amplifiers and 
the like, since the heater or the like is added to warm the amplifying 
unit, there is a deficiency that cost increases. A further 
reduction in size of the apparatuses is desired. Efficiency of 
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warming up of the apparatuses is also desired. 

[0011]The invention has been devised in view of such conventional 
circumstances and it is an object of the invention to provide a 
transmission amplifier that can warm an amplifying unit efficiently. 
The invention realizes, for example, a reduction in cost , a reduction 
in size of the apparatus, and efficiency of warming-up for the 
apparatus . 

Disclosure of the Invcntion BRIEF SUMMARY OF THE INVENTION 
[0012] In order to attain the objects, in a transmission amplifier 
according to the invention, in amplifying a signal to be transmitted 
with an amplifying unit for amplifying a signal, temperature of 
the amplifying unit is adjusted as described below. 
[0013] Temperature detecting means detects temperature. 
Amplifying-unit- self -heating- facilitation control means performs 
control for facilitating self-heating by the amplifying unit when 
temperature detected by the temperature detecting means is lower 
than a predetermined threshold value or equal to or lower than 
the predetermined threshold value. 

[0014] Therefore, when temperature is low, self-heating by the 
amplifying unit is facilitated and the amplifying unit is warmed. 
Thus, it is possible to warm the amplifying unit efficiently when 
temperature is low. For example, compared with the constitution 
in which a heater or the like is added, it is possible to reduce 
cost and realize a reduction in size. 

[0015] Note that the amplif ying-unit-self -heating-facilitation 
control means may adopt , for example, a constitution for performing 
the control for facilitating self-heating by the amplifying unit 
when temperature detected by the temperature detecting means is 
lower than the predetermined threshold value . Alternatively, the 
amplif ying-unit-self-heating-f acilitation control means may 
adopt a constitution for performing the control for facilitating 
self-heating by the amplifying unit when temperature detected by 
the temperature detecting means is equal to or lower than the 
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predetermined threshold value. 

[0016] Various transmission amplifiers may be used as the 
transmission amplifier . 

[0017 ] Various signals may be used as the signal to be transmitted. 
[0018] Amplifying units of various constitutions may be used as 
the amplifying unit. For example, an amplifying unit constituted 
by one amplifying element may be used or an amplifying unit 
constituted by plural amplifying elements may be used. 
[0019] Various temperature detecting means such as a temperature 
sensor may be used as the temperature detecting means . Various 
places may be used as a place where the temperature detecting means 
is provided. For example, it is preferable to provide the 
temperature detecting means near the amplifying unit, in a position 
in contact with the amplifying unit, in the inside of the amplifying 
unit, and the like. 

[0020] Various values may be used as the predetermined threshold 
value concerning temperature. For example, a value of boundary 
temperature at which it is necessary to warm the amplifying unit 
is used. 

[0021] Various kinds of control may be used as the control for 
facilitating self-heating by the amplifying unit. 
[0022] Various periods may be used as a period for performing 
temperature adjustment for the amplifying unit. For example, it 
is possible to use a period in which the signal to be transmitted 
is not amplified by the amplifying unit, a period in which an amount 
of the signal to be transmitted, which h-jb-s-is amplified by 
the amplifying unit, is small, or other periods. 
[0023] In the transmission amplifier according to the invention, 
as an example of a constitution, the amplif ying-unit-self - 
heating-facilitation control means performs bias control for the 
amplifying unit as the control for facilitating self-heating by 
the amplifying unit. 

[0024] Therefore, it is possible to adjust temperature of the 
amplifying unit with simple control of the bias control for the 
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amplifying unit. 

[0025] Various forms may be used as a form for controlling a bias 
at the amplifying unit. 

[0026] As an example, when the amplifying unit is constituted by 
a Field Effect Transistor (FET) , it is possible to use a form for 
facilitating self-heating by the field effect transistor by 
increasing a gate-to-source voltage of the field effect transistor . 
[0027] In the transmission amplifier according to the invention, 
as an example of a constitution, temperature of the amplifying 
unit is adjusted as described below. 

[0028] Concerning temperature, a predetermined first threshold 
value is provided and a predetermined second threshold value lower 
than the first threshold value is provided. 

[0029] The amplif ying-unit-self -heating-facilitation control 
means performs the control for facilitating self-heating by the 
amplifying unit when temperature detected by the temperature 
detecting means is lower than the second threshold value or equal 
to or lower than the second threshold value. When temperature 
detected by the temperature detecting means exceeds the first 
threshold value or rises to be equal to or higher than the first 
threshold value, the amplif ying-unit-self-heating-f acilitation 
control means stops the control for facilitating self-heating by 
the amplifying unit. 

[0030] Therefore, when temperature is low on the basis of the second 
threshold value, self -heating by the amplif ying unit is facilitated, 
for example, continuously, and the amplif ying unit is warmed . When 
temperature rises to some degree on the basis of the first threshold 
value, such facilitation control for self-heating by the amplifying 
unit is stopped. Consequently, efficient temperature control for 
the amplifying unit is realized as a whole. 

[0031] Note that the amplif ying-unit-self -heating-facilitation 
control means may adopt , for example, a constitution for performing 
the control for facilitating self-heating by the amplifying unit 
when temperature detected by the temperature detecting means is 
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lower than the second threshold value. Alternatively, the 
amplif ying-unit-self-heating-f acilitation control means may 
adopt a constitution for performing the control for facilitating 
self-heating by the amplifying unit when temperature detected by 
the temperature detecting means is equal to or lower than the second 
threshold value. 

[0032] The amplif ying-unit-self-heating-f acilitation control 
means may adopt , for example, a constitution for stopping the control 
for facilitating self-heating by the amplifying unit when 
temperature detected by the temperature detecting means exceeds 
the first threshold value. Alternatively, the amplif ying-unit- 
self-heating-f acilitation control means may adopt a constitution 
for stopping the control for facilitating self-heating by the 
amplifying unit when temperature detected by the temperature 
detecting means rises to be equal to or higher than the first 
threshold value. 

[0033] Various values may be used as the predetermined second 
threshold value concerning temperature. For example, a value of 
boundary temperature at which it is necessary to warm the amplifying 
unit is used. In addition, various values may be used as the 
predetermined first threshold value concerning temperature. For 
example, a value of boundary temperature at which the amplifying 
unit is warmed sufficiently and it is unnecessary to warm the 
amplifying unit is used. 

[0034] In the transmission amplifier according to the invention, 
as an example of a constitution, the amplifying unit is constituted 
using plural amplifying elements. The amplif ying- 
unit-self-heating-f acilitation control means performs bias 
control for the plural amplifying elements as the control for 
facilitating self-heating by the amplifying unit. 
[0035] Therefore, it is possible to realize temperature control 
for the amplifying unit by performing bias control for the plural 
amplifying elements . 

[0036] Various numbers may be used as the number of the plural 
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amplifying elements constituting the amplifying unit. 

[0037] Various amplifying elements such as a field effect 
transistor may be used as the amplifying elements. 

[0038] As a form of performing bias control for the plural 
amplifying elements, for example, a form of performing bias control 
for the respective amplifying elements separately may be adopted. 
Alternatively, a form of performing bias control for two or more 
amplifying elements collectively may be adopted. 

[0039] In the transmission amplifier according to the invention, 
as an example of a constitution, amplif ying-unit-self-heating- 
f acilitation-control-time-signal attenuating means attenuates a 
signal to be amplified by the amplifying unit when the control 
for facilitating self-heating by the amplifying unit is performed 
by the amplif ying-unit-self-heating-f acilitation control means. 

[0040] Therefore, it is possible to prevent an unnecessary signal 
from being outputted, for example, in a period in which the control 
for facilitating self-heating by the amplifying unit is 
continuously performed by the amplif ying-unit-self -heating- 
facilitation control means. 

[0041] In the invention, a signal to be transmitted is used as 
the signal to be amplified by the amplifying unit. For example, 
a signal before being inputted to the amplifying unit is used. 
[0042] Various degrees may be used as a degree of attenuating a 
signal to be amplified by the amplifying unit as long as, for example, 
the degrees are effective practically. 

[0043] An example of a constitution according to the invention 
will be further described below. 

[0044] In the transmission amplifier according to the invention, 
as an example of a constitution, a constitution for amplifying 
a signal to be transmitted includes: an amplifying unit that 
amplifies the signal; signal level detecting means that detects 
a level of the signal; temperature detecting means that detects 
temperature in a position close to the amplifying unit as first 
temperature and detects temperature in a position far from the 
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amplifying unit as second temperature; and amplif ying-unit-warm- 
up-processing control means that stops warm-up processing for the 
amplifying unit, when, in performing the warm-up processing for 
the amplifying unit, a magnitude of a difference between the first 
temperature and the second temperature detected by the temperature 
detecting means is equal to or larger than a threshold value 
corresponding to a signal level detected by the signal level 
detecting means or when the magnitude of the difference exceeds 
the threshold value. 

[0045] In such a transmission amplifier, in amplifying a signal 
to be transmitted with the amplifying unit for amplifying a signal, 
processing described below is performed. 

[004 6] The signal level detecting means detects a level of a signal 
to be amplified by the amplifying unit. The temperature detecting 
means detects temperature in a position close to the amplifying 
unit as first temperature and detects temperature in a position 
far from the amplifying unit as second temperature . In performing 
warm-up processing for the amplifying unit, when a magnitude of 
a difference between the first temperature and the second 
temperature detected by the temperature detecting means is equal 
to or larger than a threshold value corresponding to a signal level 
detected by the signal level detecting means or when the magnitude 
of the difference exceeds the threshold value, the amplif ying-unit- 
warm-up-processing control means stops the warm-up processing. 
[0047] Therefore, in performing the warm-up processing for the 
amplifying unit, when a magnitude of a difference between 
temperature in a position close to the amplifying unit and 
temperature in a position far from the amplifying unit reaches 
a threshold value corresponding to a level of a signal to be amplified 
by the amplifying unit, the warm-up processing is stopped. Thus, 
it is possible to execute warming-up processing corresponding to 
a level of a signal to be amplified by the amplifying unit and 
realize efficiency of warming-up. 

[0048] Note that the amplif ying-unit-warm-up-processing control 



- 8 - 



means may adopt a constitution for stopping the warm-up processing, 
for example , when the magnitude of the difference between the first 
temperature and the second temperature detected by the temperature 
detecting means is equal to or larger than the threshold value 
corresponding to a signal level detected by the signal level 
detecting means. Alternatively, the amplif ying-unit-warm-up- 
processing control means may adopt a constitution for stopping 
the warm-up processing when the magnitude of the difference between 
the first temperature and the second temperature detected by the 
temperature detecting means exceeds the threshold value 
corresponding to a signal level detected by the signal level 
detecting means. 

[0049] Various levelsmaybe usedas the signal level . For example, 
it is possible to use a level of amplitude, a level of electric 
power, and the like. 

[0050] Temperature in various positions may be used as the 
temperature in a position close to the amplifying unit (the first 
temperature) . For example, temperature on which a change in 
temperature of the amplifying unit is reflected may be used, 
temperature of the amplif ying unit itself maybe used, or temperature 
in a position slightly separated from the amplifying unit may be 
used. 

[0051] Temperature in various positions may be used as the 
temperature in a position far from the amplifying unit (the second 
temperature) . For example, temperature on which a change in 
temperature of the amplifying unit is not reflected is used. 

[0052] Note that, as another constitutional example, it is also 
possible to adopt a constitution for detecting, regardless of a 
separation distance from the amplifying unit, temperature in a 
position where a change in temperature of the amplifying unit is 
reflected on temperature or a position where influence due to a 
change in temperature of the amplifying unit is large as first 
temperature and detecting temperature in a position where a change 
in temperature of the amplifying unit is not reflected on temperature 
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or a position where influence due to a change in temperature of 
the amplifying unit is small as second temperature. 
[0053] For example, processing for warming the amplifying unit 
is used as the warm-up processing for the amplifying unit . Various 
kinds of processing may be used as the warm-up processing. For 
example, processing for facilitating self-heating by the 
amplifying unit with bias control of the amplifying unit may be 
used. Alternatively, processing for warming the amplifying unit 
with a heater or the like may be used. 

[0054] Various values may be used as the threshold value 
corresponding to a signal level detected by the signal level 
detecting means . For example, when the threshold value is a signal 
level detected by the signal level detecting means, a value of 
a magnitude of a difference between a first temperature and a second 
temperature in the case in which the amplifying unit is warmed 
and the transmission amplifier, the amplifying unit, or the like 
comes into a stable state or a value close to the value is used. 
[0055] As an example of a constitution, the transmission amplifier 
includes signal -level -and- temperature-difference- threshold- 
correspondence storing means that stores a correspondence of the 
signal level and the threshold value concerning the temperature 
difference (a temperature difference threshold) . The 
amplifying-unit-warm-up-processing control means controls the 
warm-up processing for the amplifying unit on the basis of contents 
of the correspondence stored by the signal-level-and-temperature- 
dif f erence-threshold-correspondence storing means. 
[0056] As an example of a constitution, in performing the warm-up 
processing for the amplifying unit, the amplifying unit warm-up 
processing control means detects, for every predetermined period, 
a magnitude of a difference between a_f irst temperature and a_second 
temperature detected by the temperature detecting means . When the 
detected magnitude of the difference increases to be equal to or 
larger than the threshold value corresponding to a signal level 
detected by the signal level detecting means or when the magnitude 
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exceeds the threshold value, the amplif ying-unit-warm-up 
processing control means stops the warm-up processing. 
[0057] Various periods may be used as the predetermined period. 
For example, a fixed period may be used or a variable period may 
be used. 

[0058] An example of a constitution according to the invention 
will be further described below. 

[0059] The transmission amplifier according to the invention is 
provided, for example, in a transmitting unit of a radio or wire 
communication apparatus and in a radio or wire transmitter. 
[0060] Various communication apparatuses, transmitting units, 
and transmitters may be used as the communication apparatus, the 
transmitting unit, and the transmitter. 

[0061] The transmission amplifier according to the invention is 
provided in a distortion compensating amplifier such as a 
feed-forward control amplifier of a mobile radio system. 
[0062] The transmission amplifier according to the invention is 
provided in a transmitting unit of a base station apparatus of 
a radio communication system such as a mobile radio communication 
system (a mobile communication system) or a stationary radio 
communication system. 

[0063] Various mobile radio communication systems such as a 
cellular phone system and a Personal Handy phone System (PHS) may 
be used as the mobile radio communication system. 
[0064] Various stationary radio communication systems such as a 
Fixed Wireless Access (FWA) may be used as the stationary radio 
communication system. 

[0065] Another example of a constitution concerning a technical 
thought according to the invention will be described below. 
[0066] It is possible to apply the technical thought according 
to the invention to, for example, a distortion compensating 
transmission amplifying apparatus. 

[0067] As an example, the distortion compensating transmission 
amplifying apparatus adjusts temperature of an amplifying unit 
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by performing control for facilitating self-heating by the 
amplifying unit in switching plural distortion compensation table 
corresponding to plural temperatures according to temperature and 
compensating for distortion, which occurs in the amplifying unit, 
on the basis of control information concerning distortion 
compensation set in the distortion compensation table. 
[0068] It is possible to apply the technical thought according 
to the invention to, for example, various amplifiers. 
[0069] As an example, an amplifier for amplifying a signal 
includes: an amplifying unit that amplifies a signal; temperature 
detecting means that dctcot detects temperature; and amplifying- 
unit-self-heating-f acilitation control means that performs 
control for facilitation self-heating by the amplifying unit when 
temperature detected by the temperature detecting means is lower 
than a predetermined threshold value or equal to or lower than 
the predetermined threshold value. 

[0070] It is possible to apply the technical thought according 
to the invention to, for example, various apparatuses for performing 
various kinds of processing. 

[0071] As an example, an apparatus for performing processing 
includes: a processing unit that performs processing; temperature 
detecting means that detects temperature; and processing-unit- 
self -heating-facilitation control means that performs control for 
facilitating self-heating by the processing unit when temperature 
detected by the temperature detecting means is lower than a 
predetermined threshold value or equal to or lower than the 
predetermined threshold value. 

Brief Dcocription of the Drawingo BRIEF DESCRIPTION OF THE 
DRAWINGS 

[0072] Fig. 1 is a diagram showing an example of a constitution 
of a transmission amplifier according to a first embodiment of 
the invention. 

[0073] Fig. 2 is a diagram showing an example of a constitution 
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of a part of an amplifying unit. 

[0074 ] Fig . 3 is a diagram showing an example of a relation between 
a gate-to-source voltage and a drain current in the amplifying 
unit . 

[0075] Fig . 4 is a diagram showing an example of a form of controlling 
the gate-to-source voltage for the amplifying unit according to 
temperature . 

[007 6] Fig. 5 is a diagram showing an example of a procedure of 
processing for controlling a bias for the amplifying unit according 
to temperature. 

[0077] Fig. 6 is a diagram showing an example of a constitution 
of a transmission amplifier according to a second embodiment of 
the invention. 

[0078] Fig. 7 is a diagram showing an example of a constitution 
of a transmission amplifier according to a third embodiment of 
the invention. 

[0079] Fig. 8 is a diagram showing an example of a constitution 
of a transmission amplifier according to a fourth embodiment of 
the invention. 

[0080] Fig. 9 is a diagram showing an example of a relation between 
an input level to an amplifier and temperature. 
[0081] Fig . 10 is a diagram showing an example of a relation between 
time and temperature at the time of a predetermined input level. 
[008 2 ] Fig . 11 is a diagram showing an example of a judgment criteria 
table . 

[0083] Fig. 12 is a diagram showing an example of a procedure of 
processing for warm-up control. 

[0084] Fig. 13 is a diagram showing an example of a constitution 
of a transmission amplifier using a heater. 

Boot Mode for carrying out the Invcntion DETAILED DESCRIPTION OF 
THE INVENTION 

[0085] Embodiments according to the invention will be explained 
with reference to the drawings. 
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[0086] In the embodiments, the invention is applied to a 
transmission amplifier with a warm-up function that is used in 
a base station apparatus installed outdoors in a mobile 
communication system . 

[0087] A transmission amplifier according to a first embodiment 
will be explained. 

[0088 ] Fig . 1 shows an example of a constitution of the transmission 
amplifier in thio the first embodiment. 

[0089] The transmission amplifier in thio the first embodiment 
includes an amplifying unit 1, a bias circuit 2, an isolator 3, 
a temperature detecting unit 4, a control unit 5, an input terminal 
11, and an output terminal 12. 

[0090] The transmission amplifier in thio the first embodiment 
amplifies a signal to be transmitted, which is inputted from the 
input terminal 11, and outputs the amplified signal from the output 
terminal 12. The output signal is transmitted by radio through, 
for example, an antenna (not shown) provided at a post-stage. 
[0091] The amplifying unit 1 is constituted by, for example, 
connecting plural amplifying elements in series. The amplifying 
unit 1 amplifies a signal inputted from the input terminal 11 and 
outputs the amplified signal to the isolator 3. 
[0092] The bias circuit 2 controls biases of the respective 
amplifying elements constituting the amplifying unit 1 in a form 
in which the bias circuit 2 is controlled by the control unit 5. 
[0093] In thio the first embodiment, the isolator 3 is provided 
for prevention of an invasion wave and prevention of breakage of 
the amplifying unit 1. The isolator 3 outputs an amplified signal 
inputted from the amplifying unit 1 to the output terminal 12. 
[0094] The temperature detecting unit 4 is provided, for example, 
near the amplifying unit 1. The temperature detecting unit 4 
detects temperature of the amplifying unit 1 or temperature in 
the vicinity of the amplifying unit 1 and outputs a result of the 
detection. 

[0095] The control unit 5 has a function of performing various 
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kinds of control. In thio the first embodiment, the control unit 
5 controls the bias circuit 2 on the basis of a result of detection 
of temperature inputted from the temperature detecting unit 4 to 
thereby control a form of controlling biases of the respective 
amplifying elements with the bias circuit 2. 

[0096] Note that, in thio the first embodiment, the control unit 
5 has a function of a storing unit that stores a first threshold 
value Tthl and a second threshold value Tth2 concerning temperature 
and a function of an A/D (Analog to Digital) conversion unit that 
converts a result of temperature detection in an analog value 
inputted from the temperature detecting unit 4 into a digital value . 
The control unit 5 compares a result of temperature detection T 
converted into a digital value by the A/D conversion function and 
the first threshold value Tthl and the second threshold value Tth2 
stored by the storing function and performs bias control for the 
respective amplifying elements according to a result of the 
comparison . 

[0097] Fig. 2 shows an example of a constitution of a part of the 
amplifying unit 1 . In thio the first embodiment, a general example 
of a constitution concerning one amplifying element is described. 
Note that, in thio the first embodiment, a field effect transistor 
Tl is used as the amplifying element. 

[0098] In thio the first embodiment, a capacitor CI and one end 
of a micro-strip line LI are connected to a gate (G) of the field 
effect transistor Tl in parallel. The bias circuit 2 is connected 
to the other end of the micro-strip line LI via a resistor Rl . 

[0099] A source (S) of the field effect transistor Tl is grounded. 

[0100] One end of a micro-strip line L2 and one end of a micro- 
strip line L3 are connected to a drain (D) of the field effect 
transistor Tl in parallel. A power supply and a capacitor C3 are 
connected to the other end of the micro-strip line L2 . A capacitor 
C2 is connected to the other end of the micro-strip line L3. 

[0101] In such a constitution, the control unit 5 can control a 
magnitude of a voltage Vgs between the gate and the source of the 
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field effect transistor Tl (a gate-to-source voltage) by, for 
example, controlling a magnitude of a voltage applied to the gate 
of the field effect transistor Tl by the bias circuit 2. 
Consequently, the control unit 5 can control a magnitude of a drain 
current Idq of the field effect transistor Tl. 

[0102] Fig. 3 shows an example of a characteristic of a relation 
between the gate-to-source voltage Vgs and the drain current Idq 
in a constitution shown in Fig. 2. An abscissa of a graph in Fig. 
3 indicates the gate-to-source voltage Vgs and an ordinate 
indicates the drain current Idq. 

[0103] As shown in the figurc Fig. 3 , when the gate-to-source 
voltage Vgs increases to some degree, the drain current Idq increases 
as the gate-to-source voltage Vgs increases. 

[0104] Fig. 4 shows an example of a characteristic of a form of 
controlling the gate-to-source voltage Vgs according to 
temperature detected by the temperature detecting unit 4 via the 
bias circuit 2. 

[0105] An abscissa of a graph in the figure indicates temperature 
T and an ordinate indicates the gate-to-source voltage Vgs. 
[0106] In this the first embodiment, temperature at which an 
operation of the amplifying unit 1 comes into a stable state is 
set as the first threshold value Tthl concerning temperature and 
temperature at which an operation of the amplifying unit 1 comes 
into an unstable state is set as the second threshold value Tth2 
concerning temperature. Note that Tthl is larger than Tth2 . 
[0107] In this the first embodiment, Vgsl is set as the 
gate-to-source voltage Vgs that is used in a state in which an 
operation of the amplifying unit 1 is stable (at a normal time) 
and Vgs2 is set as the gate-to-source voltage Vgs in a state in 
which an operation of the amplifying unit 1 is unstable. Note that 
Vgs2 is larger than Vgsl. In addition, a drain current Idq2 
corresponding to Vgs2 is larger than a drain current Ddql 
corresponding to Vgsl. 

[0108] In thio the first embodiment, in this embodiment, when the 
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bias circuit 2 is not specifically controlled by the control unit 
5, the usual bias voltage Vgsl is applied by the bias circuit 2 
as the gate-to-source voltage Vgs. It is possible to switch the 
gate-to-source voltage Vgs applied by the bias circuit 2 to Vgs2 
when the bias circuit 2 is controlled by the control unit 5. 
[0109] For example, the control unit 5 controls, on the basis of 
temperature detected by the temperature detecting unit 4, the 
gate-to-source voltage Vgs to be the usual bias voltage Vgsl when 
the temperature is equal to or higher than the temperature Tthl 
at which an operation of the amplifying unit 1 comes into a stable 
state. Thereafter, when the temperature falls to be equal to or 
lower than the temperature Tth2 at which the operation of the 
amplifying unit 1 comes into an unstable state, the control unit 
5 controls the gate-to-source voltage Vgs to increase from the 
usual bias voltage Vgsl to Vgs2 and controls the drain current 
Idq of the amplifying unit 1 from the usual drain current Idql 
to Idq2 to thereby increase a self-heating value of the amplifying 
unit 1 itself. Thereafter, when the temperature rises to be equal 
to or higher than the temperature Tthl at which the operation of 
the amplifier 1 comes into a stable state, the control unit 5 controls 
the gate-to-source voltage Vgs to decrease from Vgs2 to the usual 
bias voltage Vgsl again. 

[0110] In this way, in thio the first embodiment, a hysteresis 
characteristic shown in a graph in Fig. 4 is used such that, in 
the case in which the temperature T falls from temperature higher 
than Tthl, a bias voltage is changed when the temperature T falls 
to be lower than Tth2 and, in the case in which the temperature 
T rises from temperature lower than Tth2, a bias voltage is changed 
when the temperature T rises to be equal to or higher than Tthl. 
Consequently, malfunction is prevented. 

[0111] In thio the first embodiment, in an initial period such as 
the time of power-on, when the temperature T detected by the 
temperature detecting unit 4 is lower than Tthl and equal to or 
higher than Tth2, the control unit 5 controls the gate-to-source 
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voltage Vgs to be the usual bias voltage Vgsl. 
[0112] In addition, in thio the first embodiment, in an initial 
period such as the time of power-on, when the temperature T detected 
by the temperature detecting unit 4 is less than Tth2, the control 
unit 5 controls the gate-to-source voltage Vgs to Vgs2 via the 
bias circuit 2. 

[0113] As a specific example, it is possible to adopt a form in 
which, as the first threshold value Tthl and the second threshold 
value Tth2 concerning temperature, the first threshold value Tthl 
is set to -10°C, which is a lower limit value of a performance 
compensation temperature range of the transmission amplifier, and 
the second threshold value Tth2 is set to a low value compared 
with the first threshold value Tthl. 

[0114] As another specific example, it is possible to adopt a form 
in which, as the first threshold value Tthl and the second threshold 
value Tth2 concerning temperature, the second threshold value Tth2 
is set to -10°C, which is a lower limit value of the performance 
compensation temperature range of the transmitter amplifier, and 
the first threshold value Tthl is set to a high value compared 
with the second threshold value Tth2 . 

[0115] Fig. 5 shows an example of a procedure of processing for 
controlling a bias of the amplifying unit 1 with the control unit 
5 according to temperature via the bias circuit 2. 
[0116] In the transmission amplifier, first, when a power supply 
is turned on (step SI), the temperature detecting unit 4 detects 
temperature (step S2) . The control unit 5 compares the temperature 
detected (the detected temperature) and the second threshold value 
Tth2 (step S3) . When the detected temperature is equal to or higher 
than the second threshold value Tth2, the control unit 5 ends this 
processing such that the usual bias voltage Vgsl is applied as 
the gate-to-source voltage Vgs of the amplifying unit 1. 
[0117] On the other hand, when the detected temperature is lower 
than the second threshold value Tth2 in a result of the comparison 
(step S3) , the control unit 5 controls the gate-to-source voltage 
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Vgs of the amplifying unit 1 to be Vgs2 via the bias circuit 2 
(step S4) . Then, a heating value increases in the amplifying unit 
1 and the amplifying unit 1 is warmed. Temperature detected by 
the temperature detecting unit 4 rises. 

[0118] Thereafter, the control unit 5 monitors temperature 
detected by the temperature detecting unit 4 and compares the 
detected temperature and the first threshold value Tthl (step S5) . 
When the detected temperature rises to be equal to or higher than 
the first threshold value Tthl, the control unit 5 stops the bias 
control for the amplifying unit 1 (step S6) such that the usual 
bias voltage Vgsl is applied as the gate-to-source voltage Vgs 
of the amplifying unit 1. 

[0119] The temperature control for the amplifying unit 1 at the 
time of power-on of the transmission amplifier is described above. 
However, for example, it is also possible to perform temperature 
control for the amplifying unit 1 when temperature in the 
transmission amplifier falls at the time of operation of the 
transmission amplifier such as at night and at the time of low 
traffic. Specifically, the control unit 5 monitors temperature 
detected by the temperature detecting unit 4 and performs bias 
control for the amplifying unit 1 on the basis of the detected 
temperature and the threshold values Tthl and Tth2 . 
[0120] As described above, in the transmission amplifier in_ 
thio the first embodiment, the temperature detecting unit 4 is 
provided for the amplifying unit 1 and, when temperature detected 
by the temperature detecting unit 4 is low compared with a 
predetermined threshold value (in thio the first embodiment, the 
second threshold value Tth2), control for a bias is executed on 
the plural amplifying elements constituting the amplifying unit 
1. Consequently, control for facilitating self-heating of the 
plural amplifiers is performed. 

[0121] In the transmission amplifier in thio the first embodiment, 
the first threshold value Tthl and the second threshold value Tth2 
lower than the first threshold value Tthl are provided concerning 
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temperature. When temperature detected by the temperature 
detecting unit 4 is low compared with the second threshold value 
Tth2, the amplifying unit 1 is controlled to facilitate 
self -heating of the amplifying unit 1. When the detected 
temperature rises to be equal to or higher than the first threshold 
value Tthl, the self-heating facilitation control for the 
amplifying unit 1 is stopped. 

[0122] Therefore, in the transmission amplifier in thio the first 
embodiment, even when environmental temperature is low, a bias 
of the amplifying unit 1 is controlled and an idle current of the 
amplifying unit 1 is increased. As a result, a self-heating value 
of the amplifying unit 1 can be increased to warm the amplifying 
unit 1. Consequently, for example, it is possible to shift the 
transmission amplifier to an operation stable state in terms of 
temperature early. In this way, in the transmission amplifier in 
thio the first embodiment, an increase in internal temperature is 
facilitated by self-heating of the amplifying unit 1. Thus, a 
heater for preheating is not always necessary. Consequently, it 
is possible to reduce cost and reduce a size of the apparatus. 
[0123] In thio the first embodiment, the two threshold values 
Tthl and Tth2 are provided concerning temperature to perform 
temperature adjustment for the amplifying unit 1. However, for 
example, it is also possible to provide only one threshold value 
Tth concerning temperature . As an example, it is possible to adopt 
a constitution in which, when temperature detected by the 
temperature detecting unit 4 is lower than the threshold value 
Tth (or equal to or lower than the threshold value Tth) , the 
gate-to-source voltage Vgs of the amplifying unit 1 is controlled 
to Vgs2 and, on the other hand, when the detected temperature is 
equal to or higher than the threshold value Tth (or exceeds the 
threshold value Tth) , the gate-to-source voltage Vgs of the 
amplifying unit 1 to be the usual bias voltage Vgsl. 
[0124] Note that, in thio the first embodiment, the temperature 
detecting means is constituted by the function with which the 
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temperature detecting unit 4 detects temperature in the vicinity 
of the amplifying unit 1. The amplif ying-unit-self -heating- 
facilitation control means is constituted by the function with 
which the control unit 5 controls a bias (in this embodiment, the 
gate-to-source voltage Vgs) of the amplifying unit 1 via the bias 
circuit 2. 

[0125] A transmission amplifier according to a second embodiment 
will be explained. 

[0126] Fig. 6 shows an example of a constitution of the 
transmission amplifier in thio the second embodiment . Amodulating 
unit 22 provided at a pre-stage of the transmission amplifier of 
thio the second embodiment is shown. In the figure , components 1 
to 5, 11, and 12, which are the same as those in the transmission 
amplifier shown in Fig. 1 in the first embodiment, are denoted 
by the identical reference numerals. 

[0127] As shown in the figurc Fig. 6 , in the transmission amplif ier 
in thio the second embodiment, in the constitution of the 
transmission amplifier shown in Fig. 1, a variable attenuator (a 
variable ATT) 21 is further provided between the input terminal 
11 and the amplifying unit 1 such that it is possible to control 
the variable attenuator 21 with the control unit 5. 
[0128] In the transmission amplifier in thio the second 
embodiment, a signal inputted from the input terminal 11 is inputted 
to the variable attenuator 2 1 and a signal outputted from the variable 
attenuator 21 is inputted to the amplifying unit 1. The variable 
attenuator 21 attenuates the signal inputted from the input terminal 
11 with a variable attenuation amount controlled by the control 
unit 5 and outputs the signal to the amplifying unit 1. 
[0129] When the gate-to-source voltage Vgs of the amplifying unit 
1 is the usual bias voltage Vgsl other than the time of low temperature, 
for example, the control unit 5 sets an attenuation amount of the 
variable attenuator 21 to zero or a value close to zero and controls 
the variable attenuator not to attenuate a signal. In this case, 
a signal inputted from the input terminal 11 is inputted to the 
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amplifying unit 1 to the amplifying unit 1 with the same 
attenuation or smaller attenuation, and a usual amplification 
operation is performed. 

[0130] On the other hand, when a bias of the amplifying unit 1 
is controlled and the gate-to-source voltage Vgs is controlled 
to Vgs2 at the time of low temperature, for example, the control 
unit 5 controls an attenuation amount of the variable attenuator 
21 to a large value and controls the variable attenuator 21 to 
attenuate a signal. In this case, a modulated signal inputted form 
the modulating unit 22 is not amplified according to a degree of 
the attenuation by the variable attenuator 21. 

[0131] As described above, in the transmission amplifier in thio the 
second embodiment, the variable attenuator 21 is provided on the 
input side of the amplifying unit 1. During the control for 
controlling biases of the amplifying elements to facilitate 
self-heating of the amplifying unit 1, an input signal is attenuated 
by the variable attenuator 21. 

[0132] Therefore, in the transmission amplifier in ^th-ia -the second 
embodiment, at the time of low temperature and during control of 
biases of the amplifying elements, an input signal from the 
modulating unit 22 is attenuated by the variable attenuator 21. 
Thus, it is possible not to output unnecessary waves. 
[0133] Note that, in thio the second embodiment, amplif ying-unit- 
self -heating- facilitation-control- time-signal attenuating 
means is constituted by a function with which the variable 
attenuator 21 is controlled by the control unit 5 to attenuate 
an input signal during control of a bias of the amplifying unit 
1. 

[0134] A transmission amplifier according to a third embodiment 
will be explained. 

[0135] Fig. 7 shows an example of a constitution of the 
transmission amplifier in thio the third embodiment. Note that, 
in the figure, components 1 to 4, 11, and 12, which are the same 
as those in the transmission amplifier shown in Fig. 1 of the first 
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embodiment, are denoted by the identical reference numerals. 
[0136] As shown in the figure, in the transmission amplifier in 
thio the third embodiment, in the constitution of the transmission 
amplifier shown in Fig. 1, an A/D converter 31 is provided between 
a control unit 33 and the temperature detecting unit 4 and a memory 
32 is provided outside the control unit 33. The A/D conversion 
function and the storing function do not always have to be 
incorporated in the control unit 33. 

[0137] In thio the third embodiment, for example, the first 
threshold value Tthl and the second threshold value Tth2 
concerning temperature are set in the memory 32 in advance. 
[0138] An A/D converter 31 converts a result of temperature 
detection outputted from the temperature detecting unit 4 as an 
analog signal into a digital signal and outputs the digital signal 
to the control unit 33. 

[0139] The control unit 33 compares a result of temperature 
detection T in a digital value inputted from the A/D converter 
31 and the first threshold value Tthl and the second threshold 
value Tth2 stored in the memory 32. The control unit 33 performs 
control of biases of respective amplifying elements according to 
a result of the comparison. 

[0140] As described above, in the constitution of the 
transmission amplifier in thio the third embodiment, it is also 
possible to obtain, for example, the same effect as the transmission 
amplifier shown in Fig. 1 of the first embodiment. 
[0141] In the constitution of the transmission amplifier in 
t^jrs- the third embodiment, it is also possible to adopt , for example, 
the constitution including a variable attenuator for attenuating 
an input signal as shown in Fig. 6 of the second embodiment. 
[0142] A transmission amplifier according to a fourth embodiment 
will be explained. 

[0143] For example, in a feed-forward control amplifier used in 
a mobile radio system, in general, warm-up for the apparatus is 
necessary in order to avoid a fall in a gain of an output level 
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with respect to an input level . In recent years , a method of reducing 
time for the warm-up has been examined because of a demand for 
a reduction in build-up time. However, since a temperature 
difference, at which the apparatus comes in to a thermal 
equilibrium state, is different according to an input level, it 
is necessary to set judgment criteria of for the temperature 
difference effectively. 

[0144] Fig. 8 shows an example of a constitution of the 
transmission amplifier in thio the fourth embodiment. 
[0145] The transmission amplifier in thio the fourth embodiment 
includes adirectional coupler 41, an amplifying unit 42 , adetection 
circuit 43, a first temperature detecting unit (the temperature 
detecting unit 1) 44 constituted by a temperature sensor, a second 
temperature detecting unit (the temperature detecting unit 2) 45 
constituted by a temperature sensor, a control unit 46, an input 
terminal 51, and an output terminal 52. 

[014 6] In thio the fourth embodiment, the first temperature 
detecting unit 44 is arranged near the amplifying unit 42 to be 
thermally coupled with the amplifying unit 42. On the other hand, 
the second temperature detecting unit 45 is arranged in a position 
apart from the amplifying unit 42 in the amplifier to be set in 
a loose coupling state thermally . The second temperature detecting 
unit 45 may also be set less thermally coupled with the amplifying 
unit 42 than the first temperature detecting unit 44. 
[0147] As a function of detecting temperature, for example, a 
constitution, in which a temperature IC (Integrated Circuit) for 
outputting a voltage corresponding to temperature is used, is 
generally adopted . As other functions, it is also possible to adopt 
a constitution in which a thermistor or the like is used. 
[0148] Fig. 9 shows an example of a relation of first temperature 
Tl detected by the first temperature detecting unit 44 and second 
temperature T2 detected by the second temperature detecting unit 
45 with respect to a level Pi of a signal inputted to the amplifying 
unit 42 . In a graph of the figure, an abscissa indicates the level 



- 24 - 



Pi of an input signal to the amplifier 42 and an ordinate indicates 
temperature T. The graph shows a characteristic Ql concerning the 
first temperature Tl and a characteristic Q2 concerning the second 
temperature T2 . 

[0149] As shown in the figuro Fig. 9 , when the input level Pi 
increases, the first temperature Tl rises because heating of the 
amplifying unit 42 itself increases. On the other hand, since the 
second temperature T2 is in a loose coupling state with the amplifying 
unit 42 thermally, the second temperature T2 is independent from 
the input level Pi . 

[0150] In thio the fourth embodiment, when the input level Pi to 
the amplifying unit 42 is PiO, a temperature difference AT between 
the first temperature Tl and the second temperature T2 at the time 
when the transmission amplifier is in the thermal equilibrium state 
is set to ATO . Similarly, when the input level Pi to the amplifying 
unit 42 is Pil, the temperature difference AT between the first 
temperature Tl and the second temperature T2 at the time when the 
transmission amplifier is in the thermal equilibrium state is set 
to ATI. Similarly, when the input level Pi to the amplifying unit 
42 is Pi2, the temperature difference AT between the first 
temperature Tl and the second temperature T2 at the time when the 
transmission amplifier is in the thermal equilibrium state is set 
to AT2. 

[0151] Fig. 10 shows, concerning the transmission amplifier in 
thio the fourth embodiment, an example of a relation between elapsed 
time t from power-on and the temperature T at the time when the 
input level Pi is PiO . In a graph of the figuro Fig. 10 , an abscissa 
indicates time and an ordinate indicates temperature. The graph 
shows a characteristic Qtl concerning the first temperature Tl 
and a characteristic Qt2 concerning the temperature T2 . 
[0152] As shown in tho figuro Fig. 10 , a magnitude of the 
temperature difference AT (=T1-T2) is zero or very small at the 
time of power-on. However, as time elapses, the temperature 
difference AT increases and, when sufficient time elapses, the 



- 25 - 



temperature difference AT reaches a predetermined value ATO . 
[0153] In the transmission amplifier int^jrs -the fourth embodiment , 
the relation between the input level Pi and the temperature 
difference ATi shown in Fig. 9 is stored in a memory in the control 
unit 46 as a judgment criterion for the temperature difference 
AT corresponding to the input level Pi. 

[0154] Fig. 11 shows an example of a judgment criteria table 
stored in the memory in the control unit 46. In the judgment 
criteria table in thio the fourth embodiment, the "input level Pi 
larger than PiO and smaller than Pil" and a temperature difference 
"ATO" are associated with each other, the "input level Pi larger 
than Pil and smaller than Pi2" and a temperature difference "ATI" 
are associated with each other, and the "input level Pi larger 
than Pi2" and a temperature difference "AT 2" are associated with 
each other. 

[0155] Note that, as judgment criteria corresponding to such 
input levels, it is desirable that, for example, the judgment 
criteria are sectioned according to a type of an amplifier. In 
thio the fourth embodiment, sections at three stages are provided 
using PiO, Pil, and Pi2 . However, for example, it is desirable 
to take into account an appropriate section according to an operation 
class of the amplifier. As an example, in an amplifier of an AB 
class, since a change in power consumption due to an input level 
is large, it is desirable to increase sections of the input level. 
[0156] In the transmission amplifier in thio the fourth 
embodiment, a signal inputted from the input terminal 51 is amplified 
by the amplifying unit 12 and outputted from the output terminal 
52 . Apart of the input signal is acquiredby the directional coupler 
41 and the signal acquired is detected by the detection circuit 
43. Consequently, information on the level Pi of the input signal 
detected is inputted to the control unit 46. Information on the 
first temperature Tl detected by the first temperature detecting 
unit 44 and information on the second temperature T2 detected by 
the second temperature detecting unit 45 are inputted to the control 
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unit 46. When warming-up processing is performed to warm the 
amplifying unit 42, the control unit 46 specifies a threshold value 
ATi concerning the temperature different AT corresponding to the 
input level Pi notified from the detection circuit 43. When the 
difference AT between the temperature Tl and the temperature T2 
notified from the two temperature detecting units 44 and 45 increases 
to be equal to or larger than the threshold value ATi, the control 
unit 4 6 performs control for stopping the warming-up processing. 
[0157] Fig. 12 shows an example of a control procedure of warm-up 
processing performed by the transmission amplifier in thio the 
fourth embodiment . 

[0158 ] In the transmission amplifier in^-h-j-s- the fourth embodiment, 
when warm-up control is started (step Sll) , the first temperature 
detecting unit 44 reads the first temperature Tl (step S12), the 
second temperature detecting unit 45 reads the second temperature 
T2 (step S13) , and the detection circuit 43 detects the input level 
Pi to the amplifying unit 42 (step S14) . The control unit 46 judges 
whether the temperature difference AT between the first 
temperature Tl and the second temperature T2 is equal to or larger 
than a threshold value (in thio the fourth embodiment, the 
temperature difference ATi corresponding to the input level Pi 
is shown in Fig. 11) corresponding to the input level Pi (step 
S15) . When the temperature difference AT is equal to or larger 
than the threshold value (i.e., AT>ATi) , the control unit 4 6 
oopo stops and ends the warm-up processing (step S20) and starts 
operation of the apparatus (step S21) . 

[0159] On the other hand, when the temperature difference AT 
between the first temperature Tl and the second temperature T2 
is smaller than the threshold value (in thio the fourth embodiment, 
ATi) corresponding to the input level Pi (i.e., AT<ATi) (stepSIS), 
the control unit 4 6 waits for time set as a predetermined period, 
for example, one second (step S16) . Then, the first temperature 
detecting unit 44 reads the first temperature Tl (step S17), the 
second temperature detecting unit 45 reads the second temperature 
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T2 (step S18) , and the detection circuit 43 detects the input level 
Pi to the amplifying unit 42 (stepS19) . The control unit 4 6 performs 
the processing for judging whether the warm-up processing should 
be ended in the same manner as described above (step S15 to step 
S21) . 

[0160] As described above, the transmission amplifier in thio the 
fourth embodiment has the function of judging a warmed-up state 
of the amplifying unit (the amplifier) 42. Specifically, the 
temperature detecting unit 44 is provided in a position near the 
amplifying unit 42, the second temperature detecting unit 45 is 
provided in a position far distant from the amplifying unit 42 
compared with the arrangement position of the temperature detecting 
unit 44 is disposed and a position where no large heating source 
is present in the amplifying unit 42, and the detection circuit 
43 is provided at an input stage of the amplifying unit 42. The 
memory in the control unit 4 6 stores information on the threshold 
value (the temperature difference) ATi serving as a criterion for 
judging whether warm-up is required, which is the temperature 
difference ATi between the first temperature Tl in the arrangement 
position of the first temperature detecting unit 44 and the second 
temperature T2 in the arrangement position of the second temperature 
detecting unit 45 and is the temperature difference ATi 
corresponding to the signal level Pi detected by the detection 
circuit 43. The control unit 46 reads signals from the first 
temperature detecting unit 44 and the second temperature detecting 
unit 45 and a signal from the detection circuit 43, calculates 
the temperature difference AT between the temperatures Tl and T2 
in the arrangement positions of the first temperature detecting 
unit 44 and the second temperature detecting unit 45, and compares 
the threshold value ( the temperature difference) ATi corresponding 
to the signal level Pi detected by the detection circuit 43, which 
is stored in the memory as a judgment criterion, and the calculated 
temperature difference AT corresponding to the signal level Pi. 
When the calculated temperature difference AT is equal to or larger 
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than the temperature difference ATi serving as the judgment 
criterion, the control unit 46 ends the warm-up and instructs 
start of operation of the apparatus. 

[0161] Therefore, in the transmission amplifier in ^h4rs -the fourth 
embodiment, the judgment criterion ATi concerning the temperature 
difference AT is optimized in association with the input level 
Pi of the amplifying unit (the amplifier) 42. Thus, it is possible 
to realize efficiency of warm-up. For example, concerning the 
amplifying unit 42, a difference in a temperature difference 
depending on an input level until the transmission amplifier comes 
into the thermal equilibrium state can be solved. For example, 
it is possible to reduce time required for the warm-up processing 
effectively according to the input level Pi. Consequently, it is 
possible to reduce time until start of operation of the apparatus 
or until start of measurement of a radio characteristic or the 
like. Specifically, it is judged whether the transmission 
amplifier comes into the thermal equilibrium state on the basis 
of the temperature difference AT at the time of power-on or the 
like of the apparatus. Thus, for example, when the apparatus is 
reset once and start of operation of the apparatus is started again, 
it is possible to start operation of the apparatus immediately 
or in a short time without waiting for a long time until completion 
of warm-up. In ^hjrs -the fourth embodiment , the judgment is performed 
using a relative value of the temperature difference rather than 
an absolute value of temperature, the judgment is not affected 
by an installation place of the apparatus. 

[0162] Note that, in the transmission amplifier in trhjes- the fourth 
embodiment, the signal level detecting means is constituted by 
the function of the detection circuit 43 . The temperature detecting 
means is constituted by the function of the first temperature 
detecting unit 44 for detecting the first temperature Tl and the 
function of the second temperature detecting unit 45 for detecting 
the second temperature T2. The amplif ying-unit-warm-up- 
processing control means is constituted by the function of the 
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control unit 4 6 for performing control for the warm-up processing. 
The signal-level-and- tempera ture-dif f erence threshold- 
correspondence storing means is constituted by the function of 
the memory in the control unit 4 6 for storing correspondence of 
a signal level and a threshold value (a temperature difference) 
concerning a temperature difference. 

[0163] Next, an example of a transmission amplifier, which warms 
an amplifying unit using a heater, is described as a comparative 
example for the transmission amplifiers according to the 
cmbodimcnto (the first to the third embodiments-)-. Note that all 
explanations for the transmission amplifier according to this 
comparative example are not always conventional techniques. 

[0164] Fig. 13 shows an example of a constitution of the 
transmission amplifier according to this comparative example. 

[0165] The transmission amplifier according to this comparative 
example includes an amplifying unit 61, a bias circuit 62, an isolator 
63, a temperature detecting unit 64, a heater 65, a control unit 
66, an input terminal 71, and an output terminal 72. The 
transmission amplifier warms the amplifying unit 61 with the heater 
65 according to control by the control unit 66 on the basis of 
a result of temperature detection by the temperature detecting 
unit 64 . 

[0166] Constitutions of the transmission amplifiers and the like 
according to the invention are not always limited to those described 
above. Note that it is also possible to provide the invention as, 
for example, a method or a system for executing the processing 
according to the invention, a program for realizing such a method 
and a system, and the like. 

[0167] Fields of application of the invention are not always 
limited to those described above. It is possible to apply the 
invention to various fields. For example, it is possible to apply 
the technical thought according to the invention not only to the 
transmission amplifier but also various apparatuses installed 
outdoors . 
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[ 0168 ] As various kinds of processing performed in the transmission 
amplifier and the like according to the invention, for example, 
in hardware resources including a processor and a memory, the 
processor may execute a control program stored in a ROM (Read Only 
Memory) to control processing . For example, respective functional 
means for executing the processing may be constituted as independent 
hardware circuits . 

[0169] The invention can also be grasped as a computer-readable 
recording medium such as a floppy (registered trademark) disc or 
a CD (Compact Disc) -ROM having the control program stored therein 
and the program (itself) . It is possible to cause a computer to 
carry out the processing according to the invention by inputting 
the control program to the computer from the recording medium and 
causing a processor to execute the control program. 
Indus trial applicability 

[0170] As explained above, according to the transmission amplifier 
according to the invention, in the constitution for amplifying 
a signal to be transmitted with the amplifying unit for amplifying 
asignal, forexample, temperature of the amplifying unit is detected 
and, when the detected temperature is lower than a predetermined 
threshold value or equal to or lower than the predetermined threshold 
value, control for facilitating self-heating by the amplifying 
unit is performed. Thus, it is possible to warm the amplifying 
unit efficiently when temperature is low. For example, compared 
with the constitution in which a heater or the like is added, it 
is possible to reduce cost and realize a reduction in size of the 
transmission amplifier. 

[0171] In the transmission amplifier according to the invention, 
when the control for facilitating self-heating by the amplifying 
unit is performed, a signal to be amplified by the amplifying unit 
is attenuated. Thus, in such time, it is possible to prevent an 
unnecessary signal from being outputted. 
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ABSTRACT 

In q A transmission amplifier for amplifying a signal to be 
transmittedj— includes an amplifying unit that is warmed 
efficiently when the temperature is low . In a constitution in which 
an amplifying unit ^amplifies a signal , a temperature detecting 
means 4— detects temperature. Amplif ying-unit-self-heating- 
f acilitation control means 2 and 5 perform control for facilitating 
self-heating by the amplifying unit ^when temperature detected 
by the temperature detecting means 4-is lower than a predetermined 
threshold value^_ or equal to or lower than the predetermined 
threshold value. The amplif ying-unit-self-heating-f acilitation 
control means 2 and 5 perform,, for example, bias control for the 
amplifying unit i— as the control for facilitating self-heating 
by the amplifying unit—i. 
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